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REFLECTIVE DISC ASSAY DEVICES, SYSTEMS 
AND METHODS 

Related Applications 

[0001] This application is a divisional of US. Ser. No. 
09/562,832 ?led May 1, 2002, noW alloWed. 

FIELD 

[0002] This invention relates to disc assay devices, sys 
tems, and methods of use for culturing biological samples to 
detect and/or enumerate microorganisms present Within the 
samples. 

BACKGROUND 

[0003] The detection and enumeration of microorganisms 
is practiced in numerous settings, including the food-pro 
cessing industry (testing for the contamination of food by 
microorganisms such as E. coli and S. aureus), the health 
care industry (testing of patient samples and other clinical 
samples for infection or contamination), environmental test 
ing industry, the pharmaceutical industry, and the cosmetic 
industry. 

[0004] GroWth-based detection and enumeration of micro 
organisms is commonly practiced using either liquid nutrient 
media (most probable number analysis (MPN)) or semi 
solid nutrient media (agar petri dishes). Enumeration using 
the liquid MPN method is typically achieved by placing 
serial 10-fold dilutions of a sample of interest in replicate 
sets of tubes containing selective media and chemical indi 
cators. The tubes are incubated at elevated temperature 
(24-48 hours) folloWed by examination for groWth of organ 
isms. A statistical formula, based on the volume of sample 
tested and the number of positive and negative tubes for each 
set, is used to estimate the number of organisms present in 
the initial sample. 

[0005] This method of performing MPN analysis has 
several disadvantages. It is labor intensive because of the 
multiple diluting and pipetting steps necessary to perform 
the analysis. In addition, in practice it is only practical to use 
replicate sets of about three to ?ve tubes for each dilution. 
As a result, the 95% con?dence limits for an MPN estimate 
for microbial concentration are extremely Wide. For 
example, a three tube MPN estimate of 20 has 95% con? 
dence limits ranging from 7 to 89. 

[0006] In contrast to the method described above, a direct 
count of viable microorganisms in a sample can be achieved 
by spreading the sample over a de?ned area using nutrient 
media containing a gelling agent. The gelling agent (agar) 
prevents diffusion of the organisms during incubation (24-48 
hours), producing a colony in the area Where the original 
organism Was deposited. There is, hoWever, a limit to the 
number of colonies that can ?t on a given area of nutrient 
media before fusion With neighboring colonies makes count 
ing dif?cult. This usually necessitates performing several 
dilutions for each sample. In addition, the classes of chemi 
cal indicator molecules that can be used for identifying 
individual types of microorganisms present Within a mixed 
population are limited to those that produce a product that is 
insoluble in the gelled media. 
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[0007] In some of these processes, the detection or enu 
meration of a microorganism is determined by detecting an 
electromagnetic signal, e.g., ?uorescence, emitted by an 
indicator substance in response to excitation (Where the 
indicator substance is activated by presence of the micro 
organism to be detected). The excitation may be provided in 
the form of electromagnetic energy from, e.g., a laser. One 
potential problem With knoWn assay devices is that the 
electromagnetic energy used for excitation may also excite 
other materials present in the substrate or other portions of 
the device, causing them to emit an electromagnetic signal 
similar to that emitted by the desired indicator. For example, 
Where the assay is formed on a polymeric substrate that 
?uoresces in the same or similar Wavelength regions as the 
indicator, a relatively high background electromagnetic sig 
nal can be produced by the substrate that reduces the 
signal-to-background ratio. A loWer signal-to-background 
ratio can make accurate detection or enumeration of the 
desired microorganism more dif?cult. 

SUMMARY 

[0008] The invention provides devices and methods for 
the detection and enumeration of microorganisms. The 
devices and methods include a plurality of discs attached to 
a substrate and a re?ector proximate one surface of each of 
the discs to re?ect electromagnetic energy of selected Wave 
lengths after the energy has passed through the disc. The 
re?ector may be useful to improve the accuracy of detection 
and/or enumeration of target microorganisms on the assay 
devices. A system for detecting and/or enumerating target 
microorganisms on disc assay devices is also provided. 

[0009] One advantage of the devices and methods of the 
present invention is that the re?ectors proximate each of the 
discs may re?ect the excitation energy directed at the discs 
after it has passed through the discs. As a result, the effective 
path length of the excitation energy through the discs is 
doubled as compared to assay devices in Which the excita 
tion energy is not re?ected after passing through the discs. 
That increased path length may improve the accuracy of the 
detection and/or enumeration of microorganisms by effec 
tively increasing the intensity of the excitation energy. 

[0010] Another potential advantage of the devices and 
methods of the invention is that the re?ectors may improve 
the signal-to-background ratio during detection and/or enu 
meration of target microorganisms. In some instances, the 
re?ectors preferably reduce or prevent transmission of the 
excitation energy to the underlying substrate. In other 
instances, the re?ectors may reduce or prevent the transmis 
sion of electromagnetic energy from, e.g., the substrate, that 
is similar to the electromagnetic signal energy emitted by, 
e.g., an indicator substance, in response to the excitation 
energy. In either case, With the re?ectors in place, the 
electromagnetic signal energy emitted from the assay device 
may more accurately indicate the presence of the target 
microorganisms, rather than the underlying substrate or 
other portions of the device. 

[0011] The signal-to-background ratio may be further 
improved if the re?ectors are also re?ective for the electro 
magnetic signal energy generated as a result of the presence 
of the target microorganisms Within or on the discs. If the 
re?ectors are located on the side of the discs opposite the 
detector, at least a portion of the electromagnetic signal 
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energy that is emitted in the direction of the re?ectors may 
be re?ected back towards the detector, thereby potentially 
increasing the intensity of the emitted signal energy. 
Increases in emitted signal energy intensity may improve 
detection accuracy and, in some instances, may also alloW 
for detection of the target microorganisms after shorter 
incubation periods. 

[0012] With respect to the excitation/detection systems of 
the present invention Which include re?ective Walls, one 
potential advantage is that the re?ectivity of the Walls may 
improve uniformity in excitation of the assay devices being 
sampled. 

[0013] In one aspect, the present invention provides a 
microorganism culture device including a substrate; a plu 
rality of liquid-retaining discs attached to the substrate, 
Wherein each of the plurality of discs has ?rst and second 
opposing surfaces; and a re?ector proximate the ?rst surface 
of each of the plurality of discs, Wherein electromagnetic 
energy of selected Wavelengths is re?ected from the re?ector 
after passing through the disc. 

[0014] In another aspect, the present invention provides a 
method of detecting at least one target microorganism by 
providing a disc assay device including a substrate; a 
plurality of liquid-retaining discs attached to the substrate, 
each of the plurality of discs having ?rst and second oppos 
ing surfaces; and a re?ector proximate the ?rst surface of 
each of the plurality of discs; and Wherein at least one of the 
discs further includes groWth media, an indicator substance, 
and a target microorganism; directing excitation energy at 
the disc assay device; and 

[0015] detecting signal energy emitted from each of the 
plurality of discs including the target microorganism in 
response to the excitation energy; Wherein at least a portion 
of the signal energy is re?ected by the re?ector. 

[0016] In another aspect, the present invention provides a 
method of manufacturing a disc assay device by providing 
a substrate; locating a plurality of liquid-retaining discs on 
the substrate, each of the plurality of discs having ?rst and 
second opposing surfaces; and providing a re?ector proxi 
mate the ?rst surface of each of the plurality of discs, 
Wherein electromagnetic energy of selected Wavelengths is 
re?ected from the re?ector after passing through the disc. 

[0017] In another aspect, the present invention provides a 
system for detecting target microorganisms on a disc assay 
device, the system including at least one excitation source 
emitting electromagnetic excitation energy of selected 
Wavelengths; a detection chamber including at least one 
Wall, Wherein the at least one Wall re?ects a signi?cant 
portion of the electromagnetic excitation energy incident 
thereon; and a detector arranged Within the detection cham 
ber to detect electromagnetic signal energy emitted from the 
assay device in response to the electromagnetic excitation 
energy. 

[0018] These and other features and advantages of the 
invention Will be described in connection With illustrative 
embodiments of the invention beloW. 

[0019] As used herein, the term “microorganism” includes 
all microscopic living organisms and cells, including With 
out limitation bacteria, mycoplasmas, rickettsias, spiro 
chetes, yeasts, molds, protoZoans, as Well as microscopic 
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forms of eukaryotic cells, for example single cells (cultured 
or derived directly from a tissue or organ) or small clumps 
of cells. Microorganisms are detected and/or enumerated not 
only When Whole cells are detected directly, but also When 
such cells are detected indirectly, such as through detection 
or quantitation of cell fragments, cell-derived biological 
molecules, or cell by-products. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is a perspective vieW of one embodiment of 
an assay device according to the present invention. 

[0021] FIG. 2 is an enlarged partial cross-sectional vieW 
of the assay device of FIG. 1, taken along line 2-2 in FIG. 
1. 

[0022] FIGS. 3A and 3B are cross-sectional vieWs of 
alternative assay devices according to the present invention. 

[0023] FIG. 4 is a perspective vieW of another assay 
device according to the present invention. 

[0024] FIG. 5 is a cross-sectional vieW of the assay device 
of FIG. 4 taken along line 5-5 in FIG. 4. 

[0025] FIG. 6 is an enlarged plan vieW of a portion of the 
assay device of FIG. 4. 

[0026] FIG. 7 is a schematic diagram of an excitation/ 
detection system useful With the assay devices and methods 
of the present invention. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS OF THE INVENTION 

[0027] The invention provides devices and methods for 
the detection and/or enumeration of target microorganisms. 
The devices and methods include a plurality of discs 
attached to a substrate and a re?ector proximate one surface 
of each of the discs to re?ect electromagnetic energy of 
selected Wavelengths after the energy has passed through the 
disc. The re?ector may be useful to improve the accuracy of 
detection and/or enumeration of target microorganisms on 
the assay devices. A system for detecting and/or enumerat 
ing target microorganisms on disc assay devices is also 
provided. Illustrative embodiments of these different aspects 
of the invention are described beloW. 

[0028] The assay devices and methods of the present 
invention include a plurality of liquid-retaining discs on a 
substrate. Where the present invention recites “each of the 
plurality of discs,” it Will be understood that one or more 
other discs may be included on the assay device that do not 
possess that characteristic. 

[0029] Examples of some assay devices are described in 
commonly-assigned and co-pending US. patent application 
Ser. Nos. 08/838,397, ?led Apr. 9, 1997 (International 
Publication No. WO 98/45406); 08/997,337, ?led Dec. 23, 
1997 (International Publication No. WO 99/32601); and 
09/264,804, ?led Mar. 9, 1999 (Attorney Docket No. 
54722USA1A). 
[0030] One particularly useful application of the devices 
and methods of the invention is in the groWth-based detec 
tion and enumeration of microorganisms in liquid test 
samples. Such groWth-based detection and enumeration is 
very important in the testing of food, environmental, clini 
cal, pharmaceutical, cosmetic, and other samples for con 
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tamination by microorganisms. The methods and devices of 
this invention allow for the efficient, accurate, convenient, 
and cost-effective testing of such samples. One preferred use 
of the methods and devices of this invention in such micro 
biological testing may be in Most Probable Number (MPN) 
analysis. 

[0031] With reference to FIGS. 1 and 2, one assay device 
10 is illustrated. The substrate 20 of the assay device 10 
de?nes a substrate surface 22 that provides suitable support 
for the discs 40 attached to the substrate 20 as described 
beloW. Although the substrates described in connection With 
the illustrative embodiments are generally planar ?lms, the 
substrate 20 may take on any suitable shape provided that a 
surface of the substrate can provide the support required for 
the plurality of discs used in the assay device. It may be 
preferred that the portions of the assay device 10 other than 
the discs 40 be relatively hydrophobic to assist in preventing 
cross-contamination betWeen the discs 40. 

[0032] Substrate 20 can be fabricated, for example, from 
polymeric ?lms or other appropriate materials. Appropriate 
polymers include Without limitation polyethylene, polypro 
pylene, polyester, polyimides, ?uoropolymers, polycarbon 
ates, polyurethanes, and polystyrenes. Preferably, the mate 
rials used for the substrate 20 Will not leach any chemicals 
that may interfere With the groWth or detection of target 
microorganisms. Although the substrate 20 is depicted as a 
single, homogeneous layer, it may be formed of tWo or more 
different materials provided in layers or otherWise. Alterna 
tively, the substrate 20 may be formed of multiple layers of 
the same material. 

[0033] The discs 40 attached to substrate 20 include ?rst 
and second opposing surfaces 42 and 44 that in the illus 
trative embodiment are generally planar. Generally, the 
surface 42 facing the substrate 20 Will have a shape that is 
complementary to the shape of the substrate surface to 
Which the disc 40 is attached. 

[0034] Although the discs 40 are illustrated as having a 
generally circular cylindrical shape, discs used in connection 
With the present invention can take any suitable shape and 
the present invention is not to be limited to circular cylin 
drically-shaped discs. For example, the discs may be of 
circular, oval, square, or polygonal shape or other appropri 
ate shapes. 

[0035] The discs 40 are preferably spaced apart from each 
other on the substrate surface 22 by a suf?cient distance to 
prevent cross-contamination betWeen the discs 40 during 
culturing. The area betWeen the discs 40 Will be referred to 
herein as the land area 14. The exact spacing betWeen discs 
40 Will depend on a variety of factors that may include, but 
not limited to, the hydrophobicity of the substrate 20, the 
hydrophilicity of the discs 40, the nature of the sample being 
cultured, etc. 

[0036] The discs 40 may be attached to the substrate 20 by 
various techniques knoWn in the art, including Without 
limitation, an adhesive 50 as illustrated in FIG. 2. For 
purposes of the present invention, the discs 40 are described 
as “attached to” the substrate 20 even though various 
materials, structures, etc. may be interposed betWeen the 
discs 40 and the substrate 20. For example, the adhesive 50 
is interposed betWeen the discs 40 and the substrate 20. 
Preferred adhesives may include, e.g., Water-insoluble 
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isooctyl acrylate adhesives as disclosed in US. Pat. No. 
5,409,838. The adhesive 50 may be provided alone or it may 
be provided on a scrim or other supporting layer in form of, 
e.g., a tWo-sided pressure sensitive adhesive tape. 

[0037] The assay device 10 also includes a re?ector 30 
proximate the surface 42 of the discs 40 and the substrate 20. 
The re?ector 30 re?ects electromagnetic energy of selected 
Wavelengths after that energy passes through the discs 40. 
By “re?ect” (and its variations), it is meant that the re?ector 
30 substantially reduces or prevents transmission of the 
selected Wavelengths of electromagnetic radiation. In pre 
ferred embodiments, the re?ector 30 Will re?ect substan 
tially all electromagnetic radiation of at least some selected 
Wavelengths. The reduction in transmission should be sig 
ni?cant enough to effectively increase the signal-to-back 
ground ratio provided by the resulting assay device. 

[0038] The re?ector 30 may, in some instances, transmit 
electromagnetic energy outside of the selected Wavelengths. 
For example, the re?ector 30 may exhibit an opacity for 
excitation energy Wavelengths that is suf?ciently high such 
that little or none of the excitation energy passes through the 
re?ector 30 to the substrate 20. As a result, the excitation 
energy is substantially prevented from exciting materials in 
the substrate 20. 

[0039] It may be preferred that the re?ector 30 re?ect a 
signi?cant portion or substantially all of the Wavelengths of 
the excitation energy and/or the electromagnetic signal 
energy. If the re?ector 30 is re?ective for the excitation 
energy, the effective path length of the excitation energy 
through the discs 40 can be effectively doubled as the 
excitation energy is re?ected back through the discs 40 a 
second time after re?ection from the re?ector 30. 

[0040] If the re?ector 30 is re?ective for the electromag 
netic signal energy generated as a result of the presence of 
the target microorganisms Within or on the discs 40, then any 
such signal energy that is emitted in the direction of the 
substrate 20 can be re?ected, thereby increasing the chance 
that the emitted signal energy can be detected by a detector 
located above the second surface 44 of the disc 40. 

[0041] The re?ector 30 proximate the surface 42 of each 
of the discs 40 may take a variety of different forms. 
Regardless, hoWever, it may be preferred that the re?ector 
30 not leach any chemicals that may interfere With the 
groWth or detection of target microorganisms. 

[0042] In one embodiment, the re?ector 30 proximate the 
surface 42 of each of the discs 40 may be provided in the 
form of a re?ective layer that re?ects electromagnetic 
energy of selected Wavelengths. The re?ective layer may be 
constructed of any material, provided that it re?ects the 
desired electromagnetic energy. For example, the re?ective 
layer may be provided in the form of a metallic layer to 
provide the re?ectors 30. The metallic layer may be formed 
by any knoWn techniques for depositing metals on sub 
strates, e.g., vapor deposition, sputtering, etc. Alternatively, 
any other suitable technique for providing a metallic layer 
With sufficient re?ectivity for electromagnetic energy of 
selected Wavelengths may be used. For example, a metallic 
layer may be provided in the form of a metal-containing 
matrix. 



US 2003/0040034 A1 

[0043] A metallic layer may include one or more metals, 
one or more metallic compounds, or combinations of one or 

more metals and one or more metallic compounds. 

Examples of suitable metals for a metallic layer may 
include, but are not limited to, aluminum, titanium, chro 
mium, tin, gold, iron, platinum, palladium, silver, and com 
binations of tWo or more thereof. Metallic compounds may 
also be used to form a metallic layer. For example, the 
metallic layer forming the re?ector 30 may include one or 
more metallic oxides, e.g., titanium dioxide, either in place 
of metals or in addition to metals. In some instances, it may 
be preferred that the metallic layer of re?ector 30 consist 
essentially of one or more metals, one or more metallic 

compounds, or combinations of one or more metals and one 

or more metallic compounds. 

[0044] Another alternative for the metallic layer of re?ec 
tor 30 is that it may include one or more inks. It may be 
preferred that the ink be in the form of a curable ink, e.g., an 
ultraviolet curable ink such as a 100% solids ink. The ink or 
inks used in the re?ector 30 may include pigments, dyes, 
synthetic resins, or any combination of these or other 
materials provided that the desired Wavelengths of light are 
re?ected. If the ink includes dyes, they are preferably 
non-?uorescent or ?uorescent at Wavelengths that do not 
interfere With the assay Wavelengths relied on to detect the 
presence of the selected microorganisms. 

[0045] Where a re?ective layer is used to provide the 
re?ectors 30 proximate the surfaces 42 of the discs 40 and 
that re?ective layer is located on the substrate 20, the 
re?ective layer may be substantially coextensive With the 
substrate surface 22 as illustrated in FIGS. 1 and 2. Alter 
natively, the re?ective layer may be present on only portions 
of the substrate 20. At a minimum, hoWever, a re?ector 30 
is provided proximate the surface 42 of each of the discs 40. 

[0046] Referring to FIG. 3A, an assay device 110 is 
illustrated in Which a re?ector 130 is located only betWeen 
the disc 140 and the substrate 120. The land areas 114 
betWeen adjacent discs 140 may preferably be substantially 
free of any re?ector 130. 

[0047] Another feature illustrated in the embodiment of 
FIG. 3A is the location of the re?ector 130 directly on the 
surface 142 of disc 140 rather than on the substrate (as seen 
in the embodiment of FIGS. 1 and 2). The re?ector 130 and 
disc 140 may be attached to the substrate 120 using, e.g., an 
adhesive 150 or any other suitable technique. 

[0048] Referring to FIG. 3B, another assay device 110‘ is 
illustrated in Which a re?ector 130‘ is attached proximate the 
surface 144‘ that faces aWay from the substrate 120‘. In such 
an embodiment, the disc 140‘ may be excited and read 
through the substrate 120‘, With the re?ector 130‘ preferably 
re?ecting electromagnetic signal energy traveling toWards 
the surface 144‘ of the disc 140‘ back toWards surface 142‘ 
and the substrate 120‘. The re?ector 130‘ also preferably 
re?ects the excitation energy incident thereon such that the 
effective path length of the excitation energy through the 
disc 140‘ can be increased. In this embodiment, it may also 
be preferred that the substrate 120‘ be constructed of mate 
rials that do not substantially interfere With excitation and/or 
detection. 
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[0049] The liquid-retaining discs used in the assay devices 
of the invention may be constructed from a variety of 
materials. It may be preferred that at least a portion of the 
materials used in the discs be relatively hydrophilic. Alter 
natively, it may be preferred that the structure of the discs be 
such that liquid can be retained Within the discs by, e.g., 
capillary Wicking forces, etc. In such constructions, the 
materials used in the discs may or may not be hydrophilic. 

[0050] The materials used in the discs may be ?brous, i.e., 
formed of a plurality of ?bers, and the ?bers may be Woven 
or nonWoven to form the disc material. The disc materials 

may include, but are not limited to, cellulosics, polyole?ns, 
polyesters, polyamides, etc. Suitable cellulosics may include 
paper, Wood pulp and rayon and may include chemically 
modi?ed cellulosics, such as cellulose esters. Suitable poly 
ole?ns may include hydrophilic polyethylene or hydrophilic 
polypropylene ?bers. Suitable polyamides may include 
nylon. Suitable polyesters may include polylactic acid. 

[0051] It may further be preferred that the materials used 
for the discs transmit a signi?cant portion of both any 
electromagnetic excitation energy and electromagnetic sig 
nal energy. Both forms of energy may, hoWever, experience 
some refraction or other diffusion When passing through the 
discs, particularly if the discs are formed of a ?brous 
material. 

[0052] The thickness of the discs (as measured, e.g., 
betWeen surfaces 42 and 44 in FIG. 2) may vary based on 
a variety of factors. It may, hoWever, be preferred that the 
discs have a thickness of at least about 0.1 millimeter or 
more, more preferably at least about 0.3 millimeter or more. 
At the upper end, it may be preferred that the discs have a 
thickness of about 1 millimeter or less, more preferably 
about 0.8 millimeters or less. 

[0053] As discussed above, the discs used in the assay 
devices of the present invention preferably have a liquid 
retention capacity, i.e., they retain an amount of a liquid 
deposited therein or thereon. At the loW end, it may be 
preferred that each of the discs have a liquid-retention 
capacity of at least about 0.5 microliters, more preferably at 
least about 1 microliter, and even more preferably at least 
about 2 microliters. At the upper end, it may be preferred 
that each of the discs have a liquid retention capacity of 
about 100 microliters or less, or alternatively about 25 
microliters or less. One preferred range of liquid-retention 
capacity for the discs may be about 1 microliter to about 20 
microliters. 

[0054] The number of discs on the assay device may vary 
depending on a variety of factors including sample siZe, disc 
siZe, etc. At the loW end, it may be preferred that the device 
include at least about tWo or more discs, more preferably at 
least about 10 or more discs, and even more preferably about 
25 or more discs. At the upper end, it may be preferred that 
the devices include about 10,000 discs or less, more pref 
erably about 1,000 discs or less, and even more preferably 
about 600 discs or less. In other embodiments, it may be 
desirable to provide about 100 to about 200 discs on each 
assay device. 

[0055] It may be preferred that all of the discs on the assay 
device be uniform in liquid-retention capacity. It may also be 
preferred that all of the discs also occupy the same surface 
area on the assay surface. By using discs that present 
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uniform liquid retention capacity and size, the accuracy of 
both the culturing results and the detection of those results 
may be improved as compared to devices that present discs 
of different capacity and/or siZe. 

[0056] Such a device With discs that are uniform in both 
liquid capacity and siZe may be particularly useful in the 
context of testing a liquid sample for microorganism con 
centration using MPN analysis. Certain regulatory require 
ments may dictate that a testing method must be able to 
detect one microorganism in a one-to-?ve-milliliter sample. 
Such a sample siZe is standard in the food processing 
industry for microbiological testing. Thus, for example, an 
assay device having 500 liquid-retaining discs, Where each 
disc has a capacity of about 2 microliters, Would be very 
useful for testing a 1-ml sample. A liquid-retaining disc 
having a capacity of 2 microliters may alloW for rapid 
development of a detectable signal in accordance With the 
invention, and the use of about 400 to about 600 discs may 
provide a suf?ciently large number of data points to sub 
stantially improve the con?dence interval for an MPN 
analysis calculation. In addition, it is feasible to perform a 
manual count of liquid-retaining discs testing positive for 
the microorganism. Use of devices having substantially 
more than 400 liquid-retaining discs may require, as a 
practical matter, instrument-assisted or automated counting. 

[0057] In an alternative embodiment, it may be desirable 
to provide discs of different liquid-retention capacity on the 
same device. In addition or in place of different capacity, it 
may be desirable to provide discs that occupy a different 
amount of surface area on the assay surface. In many 
instances, hoWever, the discs With a different capacity Will 
also occupy a different surface area on the assay surface. 

[0058] It may further be preferred that the liquid retaining 
discs be provided in tWo or more sets, With each set 
including discs that are uniform in both liquid capacity and 
siZe. The capacities and siZes of the sets of discs are 
preferably different, and it may be further preferred that the 
capacities and siZes vary incrementally over the different 
sets of discs. For example, in one embodiment, the assay 
device may include one hundred discs in total, With ?fty 
discs having a volume of about tWenty microliters and ?fty 
discs having a volume of about tWo microliters. 

[0059] An assay device 210 is illustrated in FIGS. 4-6 that 
includes tWo sets of discs 240a and 240b that have different 
liquid retention capacities and different siZes. It may be 
preferred that the larger discs 240a substantially surround 
the smaller discs 240b, such as illustrated in FIG. 4. The 
larger discs 240a are generally located betWeen the smaller 
discs 240b and the outer margin of the assay surface 212. 
Placement of the discs in this manner may reduce or prevent 
drying of the smaller discs 240b because the larger discs 
240a may act to humidify the area of the smaller discs 240b, 
as Well as partially shield smaller discs 240b from air?oW 
that may dry the smaller discs 240b, such as may occur 
during elevated temperature incubation. To achieve this 
advantage, it may not be necessary that the larger discs 240a 
completely surround the smaller discs 240b, either With 
respect to the smaller discs 240b themselves or the outer 
margin of the assay surface 212. 

[0060] The assay device 210 also includes an optional 
inoculation vehicle 260. The inoculation vehicle 260 is 
capable of retaining sample for subsequent inoculation of 
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the discs 240a and 240b. Examples of possible inoculation 
vehicles 260 include, Without limitation, absorbent pads, 
thermoformed plates, reservoirs, etc. 

[0061] The inoculation vehicle 260 in the illustrated 
embodiment may preferably be attached to the assay device 
210 in a manner to permit the vehicle 260 to come into 
contact With the discs 240a and 240b. One preferred method 
may be to attach the inoculation vehicle 260 along a perfo 
ration 262. In this con?guration, the inoculation vehicle 260 
may be removed from the device 210 after use simply by 
tearing along the perforation 262. The vehicle 260 prefer 
ably substantially covers the portion of the assay surface 212 
on Which the discs 240a and 240b are located. 

[0062] To distribute the sample to the discs, the sample is 
?rst loaded into the inoculation vehicle 260. After loading 
the vehicle 260, it is placed in contact With the discs 240a 
and 240b. The sample preferably transfers from the vehicle 
260 and into the discs 240a and 240b in a process that 
preferably occurs virtually simultaneously and uniformly. 

[0063] In one embodiment, the inoculation vehicle 260 is 
an absorbent inoculation pad 264 With a backing 266 
attached thereto. The pad 264 may be made of any number 
of materials, e.g., those listed above for the disc material. 
For manufacturing purposes, it may be desirable that the pad 
264 be constructed of the same material as the discs 240a 
and 240b. The pad 264 may be any siZe or shape. Preferably, 
the pad 264 covers more of the assay surface 212 than that 
area in Which the discs 240a and 240b are located such that 
the pad 264 covers all of the discs 240a and 240b to ensure 
that all of the discs are capable of being inoculated When the 
pad 264 is placed in contact With the discs 240a and 240b. 

[0064] The backing 266 may be attached to the device 210 
such that each device 210 preferably includes an inoculation 
vehicle 260 as delivered to a user. It may be preferred that 
the backing 266 be attached in a detachable manner, such as 
along a perforation 262. It may also be preferred that the 
backing 266 be relatively thin and that it not leach chemicals 
that may interfere With the groWth or detection of target 
microorganisms. For manufacturing purposes, the backing 
266 may be manufactured from the same material or mate 
rials as the substrate 220. 

[0065] The pad 264 may be attached to the backing 266 in 
any number of Ways knoWn in the art, such as With adhesive 
268. Preferably, the pad 264 and backing 266 are attached in 
a manner that does not result in leaching of chemicals. 

[0066] Also illustrated in FIGS. 4-6 is an optional cover 
sheet 218 that may be provided With the assay device 210. 
The coversheet 218 may serve to protect the discs 240a and 
240b from contamination or desiccation once sample has 
been added to the device 210. The coversheet 218 may be 
constructed of any number of materials. It may be preferred 
that the coversheet 218 have one or more of the folloWing 
properties: ?exibility, transparency to the extent one may 
conduct excitation and/or detection through the coversheet 
218, compatibility With groWing microorganisms and the 
excitation and/or detection system to be used With the device 
(eg does not exhibit luminescence or ?uorescence, or 
opacity to the degree that Would substantially interfere With 
detection), and chemical stability (i.e., does not leach unde 
sirable chemicals upon coming into contact With liquid 
sample), etc. 
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[0067] The coversheet 218 may be attached to the device 
210 in such as Way that it covers substantially all of the discs 
240a and 240b, more preferably all of the discs 240a and 
240b. It may be preferred that the coversheet 218 and the 
assay surface 212 are siZed to permit the coversheet 218 to 
contact and seal to the assay surface 212 in use. For purposes 
of this application, to “seal” does not require that the 
connection betWeen the assay surface 212 and coversheet 
218 be airtight. Instead, coversheet 218 may merely overlay 
and come into substantial contact With the substrate 212 to 
reduce or prevent contamination during use and excessive 
evaporation from the discs 240a and 240b. 

[0068] In one embodiment, the coversheet 218, substrate 
220, and inoculation vehicle 260 may all be attached to each 
other at one end of the 210 device to form a hinge 216. In 
this con?guration, the inoculation vehicle 260 may prefer 
ably be attached betWeen the coversheet 218 and the sub 
strate 220. 

[0069] In other embodiments, a coversheet 218 may be 
added to the assay device 210 after inoculation of the discs 
240a and 240b. The coversheet 218 may be attached by any 
suitable technique, e.g., adhesives, etc. 

[0070] The discs used in the assay devices of the present 
invention may include a variety of assay reagents to assist in 
groWth, detection, and/or enumeration of selected microor 
ganisms. One assay reagent is nutrient groWth media Which 
may be provided as a coating or other deposition Within or 
on the liquid-retaining discs, in amounts suf?cient to achieve 
desired concentrations When a liquid test sample is distrib 
uted into the discs. It may be preferred that the groWth media 
exhibit selectivity for certain groups of microorganisms 
Whose groWth is permitted or differentiated by the groWth 
media. 

[0071] The nutrient groWth media may be provided, for 
example, by placing or distributing a solution or suspension 
of the nutrient medium onto the discs and drying to produce 
a coating or deposition of the nutrient medium on the discs. 
Alternatively, components of the groWth media may be 
present in the adhesive or other substance that attaches the 
discs to the substrate (if applicable). Regardless of its exact 
location before inoculation of the discs, the groWth media is 
preferably provided in a manner such that it ultimately 
diffuses into the disc material to provide for groWth of the 
target microorganisms (if present). 
[0072] The discs of the assay devices of the present 
invention may also include other assay reagents on or in the 
discs. Such assay reagents may include, Without limitation, 
gelling agents, indicator substances, etc. Agelling agent may 
assist in “encapsulating” the groWing microorganisms. Such 
gelling agents are knoWn to those of skill in the art, and 
include any Water-absorbing material that becomes a gel 
upon addition of an aqueous liquid. 

[0073] Indicator substances useful in connection With the 
invention may include any substance that produces a signal 
in the presence of the groWing microorganism. Examples of 
some indicator substances include, but are not limited to 
chromogenic, ?uorescent, ?uorogenic, luminescent, electro 
chemical and other indicators. 

[0074] In the present invention, ?uorogenic indicator sub 
stances may be preferred because they may be detected at 
relatively loW concentrations. Suitable ?uorogenic indicator 
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substances may include, Without limitation, 4-methylumbel 
liferyl phosphate, and 4-methylumbelleferyl-beta-D -glu 
copyranoside, L-phenylalanine-7-amido-4-methylcoumarin. 
Others may include 4-methylumbelliferyl acetate and 4-me 
thylumbelliferyl sulfate. 

[0075] The assay reagents can be immobiliZed in the discs 
by any of numerous methods for immobiliZing assay 
reagents on solid substrates knoWn to those of skill in the art. 
Such methods may include, for example, drying doWn assay 
reagent-containing liquids in the discs, as Well as other 
methods for noncovalently attaching biomolecules and other 
assay reagents to a solid substrate. Alternatively, various 
methods may be employed to covalently attach assay 
reagents to the discs by methods Well knoWn to those of skill 
in the art. An advantage of the present invention is that 
soluble assay reagents can be used, since diffusion is pref 
erably reduced or prevented by con?nement of the aqueous 
biological sample liquid in the liquid-retaining discs. 

[0076] The liquid test samples used in connection With the 
assay devices and methods of the present invention may be 
any sample of interest, from any source. The sample may be 
distributed to the liquid-retaining discs directly, or the 
sample may be diluted before distribution to the discs. The 
determination as to Whether sample dilution is necessary 
Will depend on a variety of factors such as sample source and 
age, and such determination is a routine matter to those of 
skill in the art. 

[0077] As an alternative to providing the desired assay 
reagents in the discs before inoculation, it may be preferred 
to include one or more of the desired assay reagents, e.g., a 

groWth media, indicator substance, gelling agent, etc., in the 
liquid test sample itself. 

[0078] Various methods may be employed to distribute a 
liquid test sample to the liquid-retaining discs. More than 
one method may be applicable to a particular device, 
although the preferred method may depend to some extent 
on the con?guration of a particular assay device. The sample 
may be poured or pipetted over the device and the sample 
spread to the liquid-retaining discs by tilting or rocking the 
device. Alternatively, the assay device or a portion of the 
assay device can be immersed in the sample. Upon removal 
from the liquid sample, liquid may be retained in hydrophilic 
liquid-retaining discs and substantially excluded from a 
hydrophobic land area betWeen the discs. 

[0079] After the sample is distributed to the hydrophilic 
liquid-retaining discs of the assay device, various assays 
may be carried out depending on desired uses. For microbial 
detection or enumeration, the assay device may be incubated 
for a time suf?cient to permit at least one cell division cycle 
of the microorganism. For these purposes, the device is 
generally incubated at about 25° C. to about 45° C., more 
preferably at about 30° C. to about 37° C. The incubation 
time for microbial detection Will vary. The detection time 
Will also vary depending on the groWth rate and the number 
of microorganisms present in the sample. Taking into 
account these considerations, detection time for purposes of 
enumeration may be as little as about 10 hours. This 
relatively short incubation time represents a distinct advan 
tage over detection methods currently used, Which typically 
require incubation times of about 24 hours or more. 
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[0080] Following incubation of the assay device, the pres 
ence or absence of microorganisms in discs (and thus in the 
liquid test sample) is detected. The mode of detection 
depends on the type of indicator substance used in the 
method. Any indicator substance that is capable of providing 
a detectable signal may be used. Such indicators include but 
are not limited to ?uorescent, chromogenic, luminescent, 
and electrochemical indicators. The presence or absence of 
a microorganism in a disc can be visually detected, With the 
naked eye or microscopically, if a chromogenic or lumines 
cent indicator is used. The indicator may be coated or 
otherWise incorporated into the discs. 

[0081] It may be preferred that the mode of detection 
include the emission of electromagnetic signal energy that 
can be re?ected by the metallic layer included in the devices 
of the present invention. It may also or alternatively be 
preferred that the mode of detection rely on excitation by 
electromagnetic energy that is blocked from reaching the 
underlying substrate (and more preferably re?ected) by the 
metallic layer included in the assay devices of the invention. 

[0082] If a ?uorescent indicator substance is used, equip 
ment and methods for detecting a ?uorescent signal may be 
employed for detection. There are numerous indicator sub 
stances and signal detection systems, including systems for 
detecting electrochemical changes, knoWn in the art for 
detecting microorganisms, and any such substance or system 
may be used in accordance With the present invention. 

[0083] The detection of microorganisms in the liquid 
sample may further involve the enumeration of a microor 
ganism count in the liquid test sample. In a preferred 
embodiment, the enumeration is performed using MPN. 
Once the number of liquid-retaining discs containing the 
microorganism of interest is determined, an MPN calcula 
tion can be made using knoWn MPN techniques. If desired, 
the number of microorganisms in an individual disc can then 
be determined using knoWn techniques, for example, signal 
intensity compared to a knoWn standard, or by plating the 
contents of the disc. Advantageously, the large number of 
liquid-retaining discs that may be used in the method of the 
invention alloWs for narroWer intervals (e.g., in comparison 
to the standard 3-tube or 10-tube MPN methods) for the 95% 
con?dence limits in an MPN analysis of a liquid test sample. 

[0084] Because of the large number of liquid-retaining 
discs that may be manufactured in a single device, it is 
possible to use a single device in the detection and enu 
meration of multiple microorganisms of interest, While 
retaining the advantages of the invention. For example, a 
single liquid test sample can be tested for the presence or 
concentration of E. coli and S. aureus. One portion of an 
assay device can contain discs for the detection and enu 
meration of one of these microorganisms, While a second set 
of discs can be directed to detection and enumeration of 
another microorganism of interest. This is accomplished, for 
example, by including microorganism-speci?c nutrients 
and/or indicator substances in the respective sets of liquid 
retaining discs. Alternatively, all liquid-retaining discs can 
contain assay reagents designed for the simultaneous detec 
tion of multiple microorganisms. For example, E. coli can be 
detected With a ?uorescent indicator substance While, at the 
same time, other coliforms are detected With, e.g., a chro 
mogenic or other indicator substance. 
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[0085] Subsequent tests may be conducted. For example, 
the discs can be removed from the device and transferred 
into a test tube to differentiate the speci?c microorganisms 
groWing thereon. 

[0086] In another embodiment, aliquots of the liquid test 
sample can be distributed to a plurality of liquid-retaining 
discs of an assay device, Wherein the assay device includes 
a plurality of sets of discs. Each set has discs of uniform siZe, 
and the device has at least tWo sets of discs. For example, the 
assay device can include a plurality of lanes, With the 
liquid-retaining discs in a particular lane having the same 
liquid-retention capacities. This feature alloWs for the dis 
tribution of the liquid test sample into different test volume 
siZes Within a single assay device. In MPN, this feature 
provides a signi?cant advantage in that, for a highly con 
centrated sample, an appropriate volume siZe may be 
selected and MPN analysis performed using a single distri 
bution step in a single device Without the need for serial 
dilutions. 

[0087] FIG. 7 is a schematic depiction of one system that 
may be used in connection With detecting and/or enumer 
ating selected microorganisms present in the discs on the 
assay devices described above. It should be understood that 
the system may also be used With other assay devices as 
Well—its use and advantages are not necessarily limited to 
the use of re?ective disc assay devices as are described 
above. 

[0088] The system 70 includes at least one excitation 
source 72, more preferably tWo or more sources 72 that 
supply the electromagnetic excitation energy of selected 
Wavelengths to an assay device 10 located Within the detec 
tion chamber 74. The detection chamber 74 is largely 
de?ned by at least one Wall 76 that, in one form, may be 
provided in the shape of a right circular cylinder. If the 
detection chamber 74 is not cylindrical in shape, it may 
include a plurality of Walls. 

[0089] The excitation source 72 may take any suitable 
form, provided the source 72 emits suf?cient energy in the 
excitation Wavelengths required for the assay device 10 
being processed. For example, the source 72 may emit 
ultraviolet light having a Wavelength of 365 nanometers 
Which may be useful for a number of ?uorogenic indicator 
substances. The excitation source 72 may produce coherent 
or non-coherent electromagentic radiation. 

[0090] The system 70 also includes a detector 78 arranged 
to detect electromagnetic signal energy emitted from the 
assay device 10 in response to the electromagnetic excitation 
energy. The detector 78 may be provided by any suitable 
device or devices capable of detecting the electromagnetic 
signal energy, including, but not limited to a CCD camera, 
photodiodes, etc. 

[0091] The Wall 76 of the detection chamber 74 is con 
structed of materials that re?ect a signi?cant portion of the 
electromagnetic excitation energy incident thereon. By 
re?ecting the excitation energy instead of absorbing or 
transmitting it, the amount of energy reaching the assay 
device may be increased. Another advantage is that the 
re?ections may result in improved uniformity in the inten 
sity of the excitation. It may be preferred that the Wall 76 
re?ect at least about 80% (even more preferably at least 
about 90%) of the electromagnetic excitation energy inci 
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dent thereon (Where the energy is incident on the Wall along 
an axis normal to the Wall surface). In some instances it may 
be desirable that the Wall 76 not re?ect the electromagnetic 
signal energy to avoid re?ections of such energy from 
reaching the detector 78. Such energy may, instead be 
absorbed or transmitted out of the detection chamber 74. 

[0092] All references and publications cited herein are 
expressly incorporated herein by reference in their entirety 
into this disclosure. Illustrative embodiments of this inven 
tion are discussed and reference has been made to possible 
variations Within the scope of this invention. These and other 
variations and modi?cations in the invention Will be appar 
ent to those skilled in the art Without departing from the 
scope of this invention, and it should be understood that this 
invention is not limited to the illustrative embodiments set 
forth herein. Accordingly, the invention is to be limited only 
by the claims provided beloW. 

EXAMPLES 

[0093] The folloWing examples are offered to aid in under 
standing of the present invention and are not to be construed 
as limiting the scope thereof. Unless otherWise indicated, all 
parts and percentages are by Weight. 

Example 1 

Disc Devices With Vapor-Coated Metal Surface 

[0094] Absorbent disc assay devices having a vapor 
coated metal surface and capable of being used for the 
detection and enumeration of microorganisms in a liquid test 
sample Were constructed as described in this example. 

[0095] A sheet of absorbent nonWoven cellulosic material 
(Product Grade 903, 0.52-mm thick, 179 g/m2, Schleicher 
and Schuell, Keene, NH.) Was laminated to a polyester ?lm 
(Rexam “D” Liner, Rexam Release, West Chicago, Ill.) With 
an isooctyl acrylate/acrylamide (96/4 Weight ratio) pressure 
sensitive adhesive (PSA). Circular discs (8-mm in diameter) 
Were then cut into the dried laminate using a controlled 
depth die that cut only through the nonWoven material and 
adhesive layers. The non-disc material Was then removed 
from the laminate and discarded. Forty discs Were carefully 
peeled from the ?lm With forceps and transferred to a 
105-mm><115-mm sheet of 2-mil (0.05-mm) thick polyester 
?lm (Grade NAT 2.0 PET Silox H6G/0, Akrosil Interna 
tional Paper, Purchase, NY.) to form an 8x5 array of circular 
discs With approximately 3-5 mm betWeen discs. 

[0096] A 105-mm><115-mm sheet of biaxially-oriented 
polypropylene ?lm (0.04-mm thick, 3M Co.) Was then 
adhered With double stick tape to the disc-side edge of the 
bottom sheet to serve as a coversheet for the device. The 
device Was placed on a ?at counter and a Wallpaper roller 
Was rolled over the closed coversheet to press the discs 
against the bottom sheet. The resulting Disc Device 1A, a 
comparative device having no vapor-coated metal surface, 
Was used for ?uorescent signal evaluations in Example 2. 

[0097] Another disc device Was prepared as described for 
Disc Device 1A, except that in place of the Grade NAT 2.0 
PET Silox polyester ?lm Was substituted 7-mil (0.18-mm) 
thick polyester ?lm (3M Co., St. Paul, Minn.) that Was vapor 
coated With an estimated 70 to 150 nm of aluminum metal 
on the side to Which the discs Were adhered. The resulting 
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device, designated Disc Device 1B and having a vapor 
coated metal surface, Was compared With Disc Device 1A in 
Example 2. 

[0098] Disc assay devices for use in the detection of 
microorganisms Were constructed as folloWs. A sheet of 
absorbent nonWoven cellulosic material (Dexter Grade 
10201, 0.415-mm thick, 48.5 g/m2 Dexter NonWovens, 
Winsor Locks, Conn.) Was laminated to a polyester ?lm 
(Rexam “D” Liner) as described above, except that the 
material Was saturated With an aqueous broth containing the 
groWth nutrients and indicator chemicals listed in Table 1 
and dried prior to lamination. Circular discs (8-mm in 
diameter) Were then cut into the dried laminate using a 
controlled depth die that cut only through the nonWoven 
material and adhesive layers. The non-disc material Was then 
removed from the laminate and discarded. Sterile forceps 
Were then used to peel 15 discs from the device and the discs 
Were transferred to a 105-mm><115-mm bottom sheet of 

polyester ?lm (0.12-mm thick, 3M Co., St. Paul, Minn.) in 
a 3 by 5 spatial pattern With approximately 1 cm betWeen 
discs. A 105-mm><115-mm sheet of biaxially-oriented 
polypropylene ?lm (0.04-mm thick, 3M Co.) Was then 
adhered With double stick tape to the disc-side edge of the 
bottom sheet to serve as a coversheet for the device. The 

device Was placed on a ?at counter and a Wallpaper roller 

Was rolled over the closed coversheet to press the discs 

against the bottom sheet. 

[0099] The resulting device, a comparative device having 
no vapor-coated metal surface, Was designated Disc Device 
1C and Was used for the detection of bacteria as described 

in Example 3. Another disc device Was prepared as 
described for Disc Device 1C, except that in place of the 
0.12-mm thick polyester ?lm Was substituted 7-mil (0.18 
mm) thick polyester ?lm (3M Co.) that Was vapor coated 
With aluminum metal as described above on the side to 

Which the discs Were adhered. The resulting device, desig 
nated Disc Device 1D and having a vapor coated metal 
surface, Was compared With Disc Device 1C in Example 3. 
Both Disc Devices 1C and 1D Were gamma irradiated to a 

level of about 10 kGy before use in Example 3. 

TABLE 1 

Component Concentration (g/l) 

Sodium Pyruvate (Sigma Chemical Co., St. 4.4 
Louis, MO) 
Tryptone (Difco Laboratories, Detroit, MI) 7.5 
Yeast Extract (Difco Laboratories) 2.5 
Glucose (Difco Laboratories) 3.6 
KHZPO4 (Fisher Chemicals, Fair LaWn, NJ) 1.08 
NaZHPO4 (Fisher Chemicals) 5.97 
MgSO4.7H2O (Aldrich Chemical Co., 0.98 
Milwaukee, WI) 
4-Methylumbelliferylphosphate (Biosynth Int., 0.05 
Naperville, IL) 
L-Alanine-7-amido-4-methylcoumarin (Biosynth 0.05 
Int.) 
L-Phenylalanine-7-amido-4-methylcoumarin 0.05 
(Biosynth Int.) 
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Example 2 

Measurement of Fluorescent Signal from Disc 
Devices 

[0100] The objective of this example Was to measure and 
compare the intensity of ?uorescent signals emitted from a 
?uorescent compound present in the nonWoven material of 
Disc Devices 1A and 1B. 

[0101] To each of the nonWoven discs of Disc Device 1A 
(Without a metal surface) and Disc Device 1B (having a 
metal surface), after carefully lifting the top ?lm, Was added 
15 microliters of a solution that contained from 0 to 500 
mmoles/ml of 4-methylumbilliferone. The top ?lm Was then 
gently loWered to close the devices. (It is noted that 4-me 
thylumbilliferone is the end product of the reaction of, for 
example, 4-umbelliferyl phosphate, and the microbial 
enZyme phosphatase. This reaction is useful to detect the 
presence of bacteria as 4-methylumbilliferone ?uoresces 
under ultraviolet light.) 

[0102] Four measurements per device Were taken at each 
concentration of 4-methylumbilliferone With a custom-de 
signed ?uorescence detector. The CCD camera aperture Was 
constant for all measurements, and exposure times Were 10, 
20, 40, and 60 msec. The raW images Were analyZed using 
Adobe Photoshop v.5.0 image analyses softWare (Adobe 
Systems, Inc., San Jose, Calif.). The elliptical marquee tool, 
With a constrained aspect ratio, Was used to select an area 
Within each disc that approximated at least 70-80% of the 
disc image. The average pixel ?uorescence Was determined 
Within the selected area and the results, in relative ?uores 
cence units (RFU) are reported in Table 2. 

[0103] The custom-designed ?uorescence detector con 
sisted of a CCD camera (constructed With a black and White 
CCD chip, Product No. ICX084AK, Sony Corp., Japan), 
ultraviolet illumination (365 nm), re?ective Walls, and a ?at 
surface that could hold a disc device. The camera Was 
positioned to face the discs at a distance of approximately 20 
cm and a 1-mm thick ?lter (GG420, Schott Glas, Germany) 
Was placed in front of the camera. The discs Were illumi 
nated by tWo ultraviolet lamps (Product No. BF3160UV1, 
JKL Co., Pacoima, Calif.) placed on either side of the 
camera. A 1 -mm thick ?lter (UG11, Schott Glas) Was placed 
in front of the lamps. The Walls of the detector Were 
re?ective to help provide more uniform illumination of the 
discs. When ?uorescence occurred, the camera detected the 
resultant visible light. 

TABLE 2 

Disc Device 1A Disc Device 1B 
4- (No Metal Surface (Metal Surface) 

Methylumbilliferone Signal Signal/ Signal Signal/ 
(mmoles/ml) (RFU) Background (RFU) Background 

0 51.5 1.0 32.3 1.0 
25 52.3 1.0 38.3 1.2 
50 53.5 1.0 41.3 1.3 

100 56.5 1.1 50.3 1.6 
250 65.3 1.3 73.7 2.3 
500 77.5 1.5 101.7 3.1 
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[0104] The data in Table 2 shoW that the Disc Device 1A 
(Without a vapor-coated metal surface) produced a higher 
level of “background” ?uorescence than Disc Device 1B 
(having a vapor-coated metal surface) (51.5 RFU vs. 32.3 
RFU at 0 mmoles/ml 4-methylumbilliferone). The data also 
shoW that Disc Device B produced a higher signal to 
background ratio than Disc Device A at all levels of 4-me 
thylumbilliferone concentration. For example, at 500 
mmoles/ml of 4-methylumbilliferone, the signal/back 
ground level of Disc Device B Was 3.1 vs. 1.5 for Disc 
Device A. It is concluded that the use of a disc device With 
a vapor-coated metal surface offers the advantages of both 
reduced background ?uorescence and increased ?uorescent 
signal to background levels. 

EXAMPLE 3 

Detection of Bacteria With Disc Devices 

[0105] The objective of this example Was to measure and 
compare the intensity of ?uorescent signals emitted from 
groWing E. coli bacteria present in the nonWoven material of 
Disc Device 1C (Without a metal surface) and Disc Device 
1D (having a metal surface). 

[0106] An overnight culture of E. coli bacteria [(QC strain 
P6), groWn overnight in tryptic soy broth (Remel, Inc., 
Lenexa, Kans.)] Was diluted into Butter?eld’s phosphate 
buffer (Hardy Diagnostics, Santa Maria, Calif.) to obtain 
dilution factors of 104, 10'“, 10's, and 10_6. Sterile But 
ter?eld’s phosphate buffer Was used as a negative control. 
These dilution factors correspond to cell densities of 
approximately 105, 104, 103, and 102 colony forming units 
per ml, respectively. 

[0107] The top ?lm of Disc Devices 1C and 1D (2 
replicates/device) Were carefully lifted and each disc of each 
device Was inoculated With 15 microliters of each dilution (3 
replications each) or the negative control solution (3 repli 
cations). The top ?lm Was gently loWered to close the 
devices and they Were enclosed in “GLADLOCK ZIPPER” 
storage bags (First Brands Corporation, Danbury, Conn.) 
each containing a paper toWel moistened With Water. The 
sealed bags Were placed in an incubator at 35° C. After 24 
hours incubation, the ?uorescent images of the devices Were 
obtained using the custom-designed detector as described in 
Example 2. An exposure time of 5 milliseconds Was used 
and the aperture of the CCD camera remained constant for 
all of the images. 

[0108] The raW images from the detector Were analyZed 
using Adobe Photoshop v.5.0 image analyses softWare as 
described in Example 2, and the resulting data are shoWn in 
Table 3. 

TABLE 3 

Disc Device 1C 
(No Metal Surface) 

Disc Device 1D 
(Metal Surface) 

E. coli Signal Signal/ Signal Signal/ 
Dilution (RFU) Background (RFU) Background 

Control 40 1.0 36 1.0 

(no E. call) 
10’3 126 3.1 197 5.4 
10’4 122 3.0 210 5.8 
10*5 122 3.0 208 5.7 
10*6 107 2.7 190 5.2 
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[0109] The data in Table 3 show that Disc Device 1D 
(having a vapor-coated metal surface) produced a higher 
signal to background ratio than Disc Device 1C (Without a 
vapor-coated metal surface) at all dilution levels. For 
example, at a dilution factor of 104, the signal/background 
level of Disc Device D Was 5.4 vs. 3.1 for Disc Device C. 
The data also shoW that the signal RFU for each device Was 
essentially not dependent on the E. coli dilution. This result 
is explained by the 24-hour groWth period, after Which all of 
the discs Would have contained approximately the same 
number of bacteria. From this example, it is concluded that 
the use of a disc device With a vapor-coated metal surface 
offers the advantage of increased ?uorescent signal to back 
ground levels. 

What is claimed is: 
1. A microorganism culture device comprising: 

a substrate; 

a plurality of liquid-retaining discs attached to the sub 
strate, Wherein each of the plurality of discs comprises 
?rst and second opposing surfaces; and 

a re?ector proximate the ?rst surface of each of the 
plurality of discs, Wherein electromagnetic energy of 
selected Wavelengths is re?ected from the re?ector 
after passing through the disc. 

2. The device of claim 1, Wherein the substrate re?ects 
electromagnetic energy of the selected Wavelengths, and 
further Wherein the re?ector proximate the ?rst surface of 
each of the plurality of discs comprises the substrate. 

3. The device of claim 1, Wherein the re?ector proximate 
the ?rst surface of each of the plurality of discs comprises a 
re?ective layer located betWeen each of the plurality of discs 
and the substrate. 

4. The device of claim 1, Wherein the substrate comprises 
a substrate surface and the re?ector proximate the ?rst 
surface of each of the plurality of discs comprises a re?ec 
tive layer located betWeen each of the plurality of discs and 
the substrate surface, and further Wherein the re?ective layer 
is substantially coextensive With the substrate surface. 

5. The device of claim 1, Wherein the re?ector proximate 
the ?rst surface of each of the plurality of discs comprises a 
re?ective layer located betWeen each of the plurality of discs 
and the substrate, and further Wherein the plurality of discs 
are spaced apart from each other on the substrate, With the 
space betWeen the plurality of discs de?ning a land area on 
the substrate, Wherein at least a portion of the land area is 
substantially free of the re?ective layer. 

6. The device of claim 1, Wherein the re?ector proximate 
the ?rst surface of each of the plurality of discs comprises a 
metallic layer located betWeen each of the plurality of discs 
and the substrate. 

7. The device of claim 1, Wherein the substrate comprises 
a substrate surface and the re?ector proximate the ?rst 
surface of each of the plurality of discs comprises a metallic 
layer located betWeen each of the plurality of discs and the 
substrate surface, and further Wherein the metallic layer is 
substantially coextensive With the substrate surface. 

8. The device of claim 1, Wherein the re?ector proximate 
the ?rst surface of each of the plurality of discs comprises a 
metallic layer located betWeen each of the plurality of discs 
and the substrate, and further Wherein the plurality of discs 
are spaced apart from each other on the substrate, With the 
space betWeen the plurality of discs de?ning a land area on 
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the substrate, Wherein at least a portion of the land area is 
substantially free of the metallic layer. 

9. The device of claim 1, Wherein the re?ector proximate 
the ?rst surface of each of the plurality of discs is substan 
tially re?ective for selected Wavelengths of electromagnetic 
energy. 

10. The device of claim 1, Wherein the re?ector proximate 
the ?rst surface of each of the plurality of discs is substan 
tially transmissive for selected Wavelengths of electromag 
netic energy. 

11. The device of claim 1, Wherein each of the plurality of 
discs comprises at least one assay reagent. 

12. The device of claim 11, Wherein the assay reagent is 
selected from the group consisting of a chromogenic indi 
cator, a ?uorescent indicator, a ?uorogenic indicator, a 
luminescent indicator, and an electrochemical indicator. 

13. The device of claim 1, Wherein each of the plurality 
of discs comprises at least one ?uorogenic indicator. 

14. The device of claim 1, further comprising an adhesive 
betWeen each of the plurality of discs and the substrate, 
Wherein the adhesive comprises an indicator substance for 
detecting microorganisms in the discs. 

15. The device of claim 1, Wherein the plurality of discs 
comprises at least ?rst and second sets of discs, each of the 
sets comprising a plurality of discs of uniform siZe, and 
further Wherein the discs in the ?rst set are larger than the 
discs in the second set. 

16. The device of claim 1, Wherein each of the plurality 
of discs comprises a liquid retention capacity of at least 
about 0.5 microliters. 

17. The device of claim 1, Wherein each of the plurality 
of discs comprises a liquid retention capacity of about 100 
microliters or less. 

18. The device of claim 1, Wherein each of the plurality 
of discs comprises a liquid retention capacity of about 1 
microliter to about 20 microliters. 

19. A method of detecting at least one target microorgan 
ism comprising: 

providing a disc assay device comprising a substrate; a 
plurality of liquid-retaining discs attached to the sub 
strate, each of the plurality of discs comprising ?rst and 
second opposing surfaces; and a re?ector proximate the 
?rst surface of each of the plurality of discs; and 
Wherein at least one of the discs further comprises 
groWth media, an indicator substance, and a target 
microorganism; 

directing excitation energy at the disc assay device; and 

detecting signal energy emitted from each of the plurality 
of discs comprising the target microorganism in 
response to the excitation energy; Wherein at least a 
portion of the signal energy is re?ected by the re?ector. 

20. The method of claim 19, Wherein substantially all of 
the excitation energy that passes through each of the plu 
rality of discs is re?ected by the re?ector proximate the ?rst 
surface of each of the plurality of discs. 

21. The method of claim 19, Wherein the substrate re?ects 
electromagnetic energy of the selected Wavelengths, and 
further Wherein the re?ector proximate the ?rst surface of 
each of the plurality of discs comprises the substrate. 

22. The method of claim 19, Wherein the re?ector proxi 
mate the ?rst surface of each of the plurality of discs 
comprises a re?ective layer located betWeen each of the 
plurality of discs and the substrate. 
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23. The method of claim 19, wherein the substrate com 
prises a substrate surface and the re?ector proximate the ?rst 
surface of each of the plurality of discs comprises a re?ec 
tive layer located betWeen each of the plurality of discs and 
the substrate surface, and further Wherein the re?ective layer 
is substantially coextensive With the substrate surface. 

24. The method of claim 19, Wherein the re?ector proxi 
mate the ?rst surface of each of the plurality of discs 
comprises a metallic layer located betWeen each of the 
plurality of discs and the substrate. 

25. The method of claim 19, Wherein the substrate com 
prises a substrate surface and the re?ector proximate the ?rst 
surface of each of the plurality of discs comprises a metallic 
layer located betWeen each of the plurality of discs and the 
substrate surface, and further Wherein the metallic layer is 
substantially coextensive With the substrate surface. 

26. The method of claim 19, Wherein each of the plurality 
of discs comprises ?brous material. 

27. The method of claim 19, further comprising: 

contacting the plurality of discs With a liquid sample 
comprising the target microorganism, Wherein at least 
a portion of the liquid sample is retained Within at least 
one of the plurality of discs; and 

incubating the retained liquid sample. 
28. A method of manufacturing a disc assay device 

comprising: 

providing a substrate; 

locating a plurality of liquid-retaining discs on the sub 
strate, each of the plurality of discs comprising ?rst and 
second opposing surfaces; and 

providing a re?ector proximate the ?rst surface of each of 
the plurality of discs, Wherein electromagnetic energy 
of selected Wavelengths is re?ected from the re?ector 
after passing through the disc. 

29. The method of claim 28, Wherein providing the 
substrate and providing the re?ector proximate the ?rst 
surface of each of the plurality of discs comprises providing 
a re?ective substrate. 

30. The method of claim 28, Wherein providing the 
re?ector proximate the ?rst surface of each of the plurality 
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of discs comprises providing a re?ective layer betWeen each 
of the plurality of discs and the substrate. 

31. The method of claim 28, Wherein the substrate com 
prises a substrate surface, and further Wherein providing the 
re?ector proximate the ?rst surface of each of the plurality 
of discs comprises providing a re?ective layer betWeen each 
of the plurality of discs and the substrate surface, the 
re?ective layer being substantially coextensive With the 
substrate surface. 

32. The method of claim 28, Wherein providing the 
re?ector proximate the ?rst surface of each of the plurality 
of discs comprises providing a re?ective layer located 
betWeen each of the plurality of discs and the substrate, and 
further Wherein the plurality of discs are spaced apart from 
each other on the substrate, With the space betWeen the 
plurality of discs de?ning a land area on the substrate, 
Wherein at least a portion of the land area is substantially 
free of the re?ective layer. 

33. The method of claim 28, Wherein providing the 
re?ector proximate the ?rst surface of each of the plurality 
of discs comprises providing a metallic layer betWeen each 
of the plurality of discs and the substrate. 

34. The method of claim 28, Wherein the substrate com 
prises a substrate surface, and further Wherein providing the 
re?ector proximate the ?rst surface of each of the plurality 
of discs comprises providing a metallic layer betWeen each 
of the plurality of discs and the substrate surface, the 
metallic layer being substantially coextensive With the sub 
strate surface. 

35. The method of claim 28, Wherein providing the 
re?ector proximate the ?rst surface of each of the plurality 
of discs comprises providing a metallic layer located 
betWeen each of the plurality of discs and the substrate, and 
further Wherein the plurality of discs are spaced apart from 
each other on the substrate, With the space betWeen the 
plurality of discs de?ning a land area on the substrate, 
Wherein at least a portion of the land area is substantially 
free of the metallic layer. 

36. The method of claim 28, Wherein each of the plurality 
of discs comprises at least one assay reagent. 

* * * * * 


